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STUDIES RELATED TO MR4P 

The U.S. Geological Survey, i s  required by the Alaskan National I n te res t s  
Lands Conservation Act (Pub l i c  Law 96-487, 1980), t o  survey ce r t a i n  Federal 
lands t o  determine t h e i r  mineral  resource potent ia l .  Results f rom the Alaskan 
Mineral Resource Assessment Program (AMRAP) must be made ava i l  able t o  the 
pub1 i c  and be submitted t o  t he  President and the Congress. This repor t  
presents ana ly t ica l  r e s u l t s  o f  a geochemical survey o f  the Solomon and 
Bendel eben quadrangles , A1 aska. 

I n  1981-1983 the  U.S. Geological Survey conducted a reconnaissance 
geochemical survey o f  the Solomon and Bendeleben quadrangles, A l a s k ~ .  

The yl omon and Bendeleben quadrangles comprise about 8,600 m i  
(22,300 km ) i n  the Seward Peninsula, west-central Alaska. 

The Bendel eben and Sol omon quad rang1 es are under1 a i  n predomi nant ly  by  
~ recambr ian(? )  t o  Paleozoic metasedimentary and metaigneous rocks, 
metamorphosed t o  b l  ueschi s t  fac ies  i n  1 ate Jurassic t o  ea r l y  Cretaceous t ime 
( t h e  Nome Group) (T i  11, 1983, 1984). The Nome Grou forms low r o l l i n g  h i l l s  
i n  both quadrangles. Precambrian(?) t o  Paleozoic(? ! high-grade sch is t  and 
gneiss, migmatite, l a t e  Cretaceous granite, and l o c a l l y  Nome Group rocks are 
exposed i n  fault-bounded mountain ranges which t ransect  t he  low-grade rocks 
from east t o  west ( t he  K ig l  ua i  k and Bendeleben ranges) and nor th  t o  south ( t he  
Darby range). Ter t ia ry  and Recent basins f i l l e d  w i t h  sediment and basa l t i c  
vo lcan ic  rocks are developed i n  the cent ra l  and northern por t ions  o f  the 
area. Small patches o f  basa l t  and sediments are found i n  the eastern por t ion  
o f  the  quadrangles, associated w i t h  the Kugruk f a u l t  zone (Sainsbury, 1974). 
I n  t he  no r t  h-south t rend ing  f a u l t  zone, slabs o f  my1 oni  t i  c metabasi te, 
serpent i  n i  te, and carbonate-cl as t  conglomerate (a1 1 o f  unknown age) are 
juxtaposed w i t h  Nome Group rocks. For more l i t h o l o g i c  information see T i l l ,  
1984 (GSA abstract).  

Low r o l l i n g  h i l l s  w i t h  moderate r e l i e f  comprise most o f  the area o f  the 
Solomon and Bendeleben quadrangles. Prominent mountain ranges w i t h  more 
rugged topography inc lude the K ig lua ik  Mountains on the west, the Benedeleben 
Mountains which extend east-west across the southern p a r t  o f  the Bendeleben 
quadrangle, and the Darby Mountains, a north-south mountain range t ha t  j o i ns  
t he  Bendeleben Mountains on the  east w i th  no d i s t i n c t  separation. Elevations 
range from sea leve l  on the  south a t  Norton Sound t o  3,730 f e e t  a t  Mount 
Bendel eben, 

METHODS OF STUDY 

Sample M i a  

Analyses of the stream-sediment samples represent the chemistry o f  t he  
rock mater ia l  eroded from the drainage basin upstream from each sample s i t e .  
Such informat ion i s  useful  i n  i d e n t i f y i n g  those basins which contain 
concentrat ions o f  elements t h a t  may be related t o  mineral deposits. 
Heavy-mineral -concentrate sampl es provide informat ion about the chemi s t r y  o f  
c e r t a i n  minerals i n  rock mater ia l  eroded from the drainage basin upstream from 
each sample s i te .  The se lec t i ve  concentration o f  minerals, many o f  which may 
be ore-related, permits determination o f  some elements t h a t  are not  eas i l y  
detected i n  stream-sediment samples. 



hmpl e Col 1 ect i on 

Samples were c o l l  ected a t  1,590 s i t e s  ( f i  g. 1 ; p l a t e s  1 and 2). A t  
n e a r l y  a l l  o f  those s i t e s ,  bo th  a stream-sediment sample and a heavy-mineral- 
concentrate sample were co l lec ted.  Sampl i n g  dens i ty  va r ies  w i t h i n  the study 
area. Some areas ( t h e  western ha1 f o f  t h e  Bendeleben Mountains, f o r  example) 
were sampled more densely than o the r  areas, wh i l e  i n  o ther  1 arge areas 
(McCarthys Marsh, K u z i t r i n  River  lowlands, etc.) no sa p l i n g  was done. The 
area o f  the drainage basins sampled ranged from 0.5 mi' t o  50 m i 2 .  

S t  re- sediment s-1 es 

The stream-sediment samples cons is ted  o f  a c t i v e  a l l uv ium c o l l e c t e d  
p r i m a r i l y  from f i r s t - o r d e r  (unbranched) and second-order (below t h e  j u n c t i o n  
o f  two f i r s t - o r d e r )  streams as shown on USGS topographic maps 
(scal  e = 1 :63,360). Each sample was composi ted from several 1 ocal i t i e s  w i  t h i  n 
an area t h a t  may extend as much as 25 f t  from the s i t e  p l o t t e d  on t h e  map. 

tkavy-rai neral-concentrate samples 

Heavy-mineral-concentrate samples were c o l  lec ted from the same a c t i v e  
a l l  u v i  um as t h e  stream-sediment samples. Each bu lk  sample was screened w i t h  a 
2.0-mm (10-mesh) screen t o  remove t h e  coarse mater ia l .  The l e s s  than 2.0-mm 
f r a c t i o n  was panned u n t i l  most of t h e  quartz, feldspar, organic m a t e r i a l ,  and 
cl ay-sized mater ia l  were removed. 

Sample Preparation 

The stream sediment samples were a i r  d r ied ,  then s ieved us ing 80 mesh 
(0.18 mm) s ta in less  s t e e l  sieves. The p o r t i o n  o f  the sediment passing through 
t h e  s ieve was saved f o r  analys is .  

A f t e r  a i r  drying, bromoform ( s p e c i f i c  g r a v i t y  2.8) was used t o  remove t h e  
remaining quartz and fe ldspar from t h e  heavy-mi neral  -concentrate samples t h a t  
had been panned i n  t h e  f i e l d .  The r e s u l t a n t  heavy mineral sample was 
separated i n t o  th ree f r a c t i o n s  usSng a l a r g e  electromagnet ( i n  t h i s  case a 
modi f ied  Frantz Isodynamic Separator).  The most magnetic ma te r ia l ,  p r i m a r i l y  
magneti te, was not  analyzed. The second f rac t ion ,  1 a rge ly  ferromagnesian 
s i l i c a t e s  and i r o n  oxides, was saved f o r  ana lys i s la rch i va l  storage, The t h i r d  
f r a c t i o n  ( t h e  l e a s t  magnetic m a t e r i a l  which may inc lude the  nonmagnetic o re  
minera ls ,  zircon, sphene, etc.) was s p l i t  using a Jones s p l i t t e r .  One s p l i t  
was hand-ground f o r  spectrographic ana lys is ;  t h e  other s p l i t  was saved f o r  
minera log ica l  analysis. These magnetic separates are t h e  same separates t h a t  
would be produced by using a Frantz Isodynamic Separator se t  a t  a slope o f  5" 
and a t i lt o f  10' w i t h  a cu r ren t  o f  0.1 ampere t o  remove t h e  magneti te and 
i lmen i  t e ,  and a cu r ren t  o f  0.7 ampere t o  spl i t  t h e  remainder o f  t h e  sample 
i n t o  paramagnetic and nonmagnetic f rac t i ons .  



Figure 1. Location map o f  the Solomon and Bendeleben lo x 3' quadrangles 
study area, Seward Peni nsul a ,  A1 aska 



Sample Analysi s 

Spectrographic method 

The stream-sediment and heavy-mineral-concentrate sarnpl es were analyzed 
f o r  31 elements us ing a semiquanti t a t i v e ,  d i  rec t - cu r ren t  arc emission 
spectrographic method (Grimes and Marranzino, 1968). The elements analyzed 
and t h e i r  lower l i m i t s  o f  de terminat ion  a re  l i s t e d  i n  t a b l e  1. Spectrographic 
r e s u l t s  were obtained by v i sua l  comparison o f  spectra der ived from t h e  sample 
aga ins t  spectra obtained from standards made from pure oxides and 
carbonates. Standard concentrat ions a r e  geomet r ica l l y  spaced over any g iven 
o r d e r  o f  magnitude o f  concent ra t ion  as fo l l ows :  100, 50, 20, 10, and so 
f o r t h .  Samples whose concentrat ions a r e  est imated t o  fa1 1 between those 
values a r e  assigned values o f  70, 30, 15, and so fo r th .  The p r e c i s i o n  o f  t h e  
a n a l y t i c a l  method i s  approximately p l u s  o r  minus one r e p o r t i n g  i n t e r v a l  a t  t h e  
83 percent  confidence 1 eve1 and p l  us o r  minus two r e p o r t i n g  i n t e r v a l s  a t  t h e  
96 percent  confidence l e v e l  (Motooka and Grimes, 1976). Values determined f o r  
t h e  major  elements ( i r o n ,  magnesium, calcium, and t i t an ium)  are g iven i n  
weight percent;  a1 1 others are  g iven i n  p a r t s  per m i l l  i o n  (micrograms/gram) . 
Analyt  i ca1 data f o r  stream sediment and heavy-mi ne ra l  -concentrate samples from 
t h e  Solomon and Bendeleben quadrangles study area are  1 i s t e d  i n  t a b l e s  3 and 
4, respect ive ly .  

Chemical Methods 

Other methods o f  ana lys is  used on samples from the  Solomon and Bendeleben 
quadrangles study area are  sumnarized i n  t a b l e  2. 

Resu l ts  from chemical ana lys i  s o f  s t  ream-sediment and heavy-mineral 
concentrate samples are  l i s t e d  i n  t a b l e s  3 and 4, along w i t h  r e s u l t s  from 
spectrographic analyses o f  t he  samples, 

ROCK ANALYSIS STORAGE SYSTEM 

Upon completion o f  a l l  a n a l y t i c a l  work, t h e  a n a l y t i c a l  r e s u l t s  were 
en tered i n t o  a computer-based f i l e  c a l l e d  Rock Analys is  Storage System 
(RASS) . This data base conta ins b o t h  d e s c r i p t i v e  geological  i n fo rma t ion  and 
a n a l y t i c a l  data. Any o r  a l l  o f  t h i s  i n fo rma t ion  may be r e t r i e v e d  and 
converted t o  a b ina ry  form (STATPAC) f o r  computerized s t a t i s t i c a l  ana lys i s  o r  
pub1 i c a t i o n  (VanTrunp and Miesch, 1976). 

DESCRIPTION OF DATA TABLES 

Tables 3-4 l i s t  t he  analyses f o r  the samples o f  stream sediment and 
heavy-mineral concentrate, respec t i ve l y .  For t h e  two tab les ,  t he  da ta  a re  
arranged so t h a t  column 1 conta ins  t h e  USGS-assigned sample numbers. These 
numbers correspond t o  t h e  numbers shown on the  s i t e  l o c a t i o n  maps ( p l a t e s  1 
and 2). Columns i n  which t h e  element headings show t h e  l e t t e r  "s" below t h e  
element symbol are emission spectrographic analyses; "aa" i n d i c a t e s  atomic 
absorp t ion  analyses. A l e t t e r  "Nu i n  t h e  t a b l e s  i nd i ca tes  t h a t  a g i ven  
element was looked f o r  but not de tec ted  a t  t he  lower 1 i m i t  o f  de terminat ion  
shown f o r  t h a t  element i n  t a b l e  1. I f  an element was observed bu t  was below 
t h e  lowest  repo r t i ng  value, a " l e s s  than" symbol (< )  was entered i n  t h e  t a b l e s  
i n  f r o n t  o f  t h e  lower l i m i t  o f  determinat ion.  I f  an element was observed but 



was above the highest repor t ing  value, a "greater than" symbol ( > )  was entered 
i n  t he  tab les  i n  f r o n t  o f  the upper l i m i t  o f  determination. I f  an element was 
no t  looked f o r  i n  a sample, two dashes ( - - )  are entered i n  tab les  3-6 i n  place 
o f  an ana ly t i ca l  value. Because o f  the formatt ing used i n  the computer 
program that  produced tab les  3-4, some o f  the elements l i s t e d  i n  these tab les 
(Fe, Mg, Ca, T i ,  Ag, and Be) ca r r y  one o r  more nonsigni f icant  d i g i t s  t o  the 
r i g h t  o f  the s ign i f i can t  d i g i t s .  The analysts d i d  not determine these 
elements t o  the accuracy suggested by the ext ra  zeros. 
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TABLE 1.--lini t s  of deteninat ion for  the spectrographic analysis of rocks and 
stream sediments, based on a 10+g sample 

[The spectrographic 1 i m i  t s  o f  determination for  heavy-mineral -concentrate 
samples are based on a 5-mg sample, and are therefore two repor t ing  
i n t e r v a l s  higher than the  l i m i t s  given f o r  rocks and stream sediments] 

E l  emen t s Lower determinat ion 1 i m i  t Upper determi na t ion  1 i m i  t 

Percent 

I r o n  (Fe) 0.05 2 0 
Magnesi um (Mg) .02 10 
Calc i  um (Ca) -05 20 
Titanium ( T i )  .002 1 

Parts per m i l l i o n  

Manganese (Mn) 10 5,000 
Si 1 ver ( Ag) 0.5 5,000 
Arsenic (As) 200 10,000 
Go1 d ( Au) 10 500 
Boron ( 0 )  10 2,000 
Bar i  urn (Ba) 2 0 5,000 
Beryl 1 i urn (Be) 1 1,000 
Bismuth ( B i )  10 1,000 
Cadmi urn (Cd) 20 500 
Cobalt (Co) 5 2,000 
Chromium (Cr) 10 5,000 
Copper (Cu) 5 20,000 
Lanthanum (La) 20 1,000 
Molybdenum (Mo) 5 2,000 
Niobium (Nb) 2 0 2,000 
Nickel (N i )  5 5,000 
Lead (Pb) 10 20,000 
Antimony ( Sb) 100 10,000 
Scandium (Sc) 5 100 
T in  (Sn) 10 1,000 
Strontium ( S r )  100 5,000 
Vanadium ( V )  10 10,000 
Tungsten ( W )  50 10,000 
Yt t r ium ( Y )  10 2,000 
Zinc (Zn) 200 10,000 
Zi rcon i  urn ( Zr) 10 1,000 
Thorium (Th) 100 2,000 



Tab1 e 2.--Chemical method, atomic absorption 

Determination 1 i m i  t 
E l  ement (micrograms/ Reference 

determined gram o r  QP) 

Gold (Au)  0.05 

Arsenic ( A s )  

An t i  rnony ( Sb) 2 
Zinc (Zn) 5 
Bismuth ( B i )  1 
Cadmium (Cd) 0.1 

Thompson and 
others, 1968 

M o d i f i c a t i o n  o f  
V i e t s ,  1978 
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Table 3 . - - S p e ~ t t o ~ r a p h i ~  results from the analysis of stream-sedlrent samples from t h e  Solomon an& Bendel then  
q u a d r a n g l e s ,  L laska- -Cont inued  

Sample latitude L o n g i t u d e  Pe-pet. Iq -pc t .  Ca-pet, Ti - ~ c t .  In - D m  lg-ppm IS-ppm lu-pPm 8-pPm An-PO. R e - D P .  
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T a b l e  3.--Spectrographic results fro. t h e  a n a l y s i s  o f  stream-sediment samples from the Solaaon aad B e n d e l t b e n  
qumlrangles ,  a l a s k a  - -Continued 

Sample L a t i t u d e  Longitude Fe-pct, Hg-pct. Ca-pet. T i -pc t .  In -ppn  Ig-ppm As-ppm hu-ppm B-ppm Ba-ppm Pe-ppm 
s S S s S s 6 s s s 5 
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Table 3.--S~ectro~raphic r e s u l t s  from t h e  analysis of stream-6adiment samples from the Solamon fimd Pendcleben 
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Table 3.--Spectrogrmphic results from the m a n l y s i s  o f  stteam-sediment samples  from the Solomon and Bendrleben 
quadrangles, I l a s k a - - C o n t i n u e d  
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Table 4.- ~SPectrographic resu l t s  from t h e  an6lysis of aonmsgnetic heavr-mineral-concentrate 
Solo8on and Bende leben  quadrangles ,  Alaska--Continued 
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Table U.--S~ectrogra~hic results from t h e  analysis of nonmagnetic heavy-mineral-concentrate samples from the 
Solonon and Bendeleben uua&ranoles, Alaska--Continued 

Sample Latitude Longitude Fe-pct. NQ-pct. Ca-pet. Ti-pet. I n - ~ p m  Ig-ppm I s - p p n  lu-ppm B - 0 ~ 8  Bn-ppm 
S S S S 8 S 8 B 8 S 

5 5  2 1  50  1 6 3  4 35 1.0 2.00 7.00 > 2 . 0  300  Y N N 5 0  500 
6 5  21  5 0  163 5 5 .7 3.00 7.00 >2.0 200 W M fl 30 ZOO 
6 5  0 10 1 6 7  4 1  35 5 .0  3.00 7 .00  >2.0  100 1 .O I I 10 0 200 
6 5  0 15 162 39 5 1.0 5.00  7 . 0 0  > 2 . 0  200  < 1 r O  I Y 200 300 
6 5  0 2 0  762 39 5 1.0 5.00 1 0 . 0 0  > 2 . 0  100 3.0 H N 1,000 150 
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T n b l e  4 . --Spectroaraphf c results f ro8 thm anslyfbla ot aonmaonetic heavy -ain%rel-coacentrats  5ampl.a f roa t h e  
Soloson mad Bendeleben Quadranglae, Alaska--Continued 

Saaple Latitude Longitude Fe-pct. Ig-pet ,  Ca-pet. T i - p c t .  In-vpm la-ppm I s - p p r  Iu-pp4 B - p p s  Ba-ppn 
s s S a 0 B B 8 6 s 

S%08 92 65 U6 49 163 45 U 3  3 - 0  1 .OO 2.00 >2 .0  200 I TOO W 100 700  
SB0113 6 5  57 163 US 25 1.5 .30 1.00 >2.0 150 I D I 70  3,000 
580845 65  47 36 163 5 1  13 1.5 -20 5.00 >2.0 150 < l o 0  R if 50  1,000 
580860 6 6  58 50 l6U 28 0 1.5 2.00 5 - 0 0  >2 - 0  500 70.0 I 500 300 (50 
5808 6  1 19  57 55 164 23 20 2.0 1-50 5.00 ' >2.0 Z O O  1.5 II R 500 100 
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SB0869 
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SBO87 1 
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SBOB 72 

580883 6 4  95 52 164 19 5 2.0 050 5.00 >2.0 500 1 .O I I 200 300 
SB088tl 6 4  45 5 0  1 6 1  19 27 3.0 -50  5.00 >2.0 SO0 W I I 300 700 
SB0585 64 47 25 t6u 21 33 2.0 .20 10.00 >2.0 200 <1 .O I W 2G0 150 
580886 64 4 7  5 16Q 22 13 3.0 a50 5.00 >2+0  300 (1 .O H Is 500 200 
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Table 9.--Seeetrogfrpbic results from t h e  enrlrsio of nonragnmtic heavy-mineral-concentrrtr sruplas from t h e  
S o l o ~ o n  and B e a d e l e b n  qr8drangle8, Ilaaha--Continued 
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